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Description

[0001] Thisinventionrelates to a static power convert-
er and to a multiple circuit motor system including such
a static power converter. US 5625545 discloses a static
power converter according to the preamble of claim 1.
The two embodiments of the present invention are de-
fined in claims 1 and 2.
[0002] There s therefore provided a static power con-
verter comprising a plurality of circuits each of which
comprises a plurality of multi-level phase drivers, each
of which comprises at least two levels, each of which
levels comprises an H-bridge, each H-bridge compris-
ing two pairs of power semi-conductors, each of said
pairs connected in series between a positive rail and a
negative rail for arespective isolated DC voltage source,
a midpoint node of one of said pairs connected to a cor-
responding midpoint node of a pair of power semi-con-
ductors of the or an adjacent H-bridge, the arrangement
being such that, in use, a maximum output voltage can
be obtained that is substantially equal to the sum of the
voltages of said respective isolated DC voltage sources,
and

control means for controlling each power semi-
conductor;

wherein said control means are operable or oper-
ated by an algorithm to interleave gate signals that are
applied to each of said H-bridges, in which algorithm

normal and complementary triangle carrier wave-
forms of a desired switching frequency are established
for each of said levels of said multi-level phase drivers,
each waveform of each level is phase shifted with re-
spect to said waveforms of said other levels by an angle
oy, = 360°/1, where | is the number of levels of said multi-
level phase driver, and wherein normal and complemen-
tary triangle carrier waveforms of a desired switching
frequency are established for each level of each of said
plurality of circuits, which respective waveforms of the
same level of each circuit are phase shifted with respect
to one another by an angle oy = 04,4/2k, where k is the
number of said plurality of circuits.
[0003] It is further provided a static power converter
comprising a plurality of circuits each of which compris-
es a plurality of multi-level phase drivers, each of which
comprises at least two levels, each of which levels com-
prises an H-bridge, each H-bridge comprising two pairs
of power semi-conductors, each of said pairs connected
in series between a positive rail and a negative rail for
a respective isolated DC voltage source, a midpoint
node of one of said pairs connected to a corresponding
midpoint node of a pair of power semi-conductors of the
or an adjacent H-bridge, the arrangement being such
that, in use, a maximum output voltage can be obtained
that is substantially equal to the sum of the voltages of
said respective isolated DC voltage sources, and

control means for controlling each power semi-
conductor;
wherein said control means are operable or operated by
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an algorithm to interleave gate signals that are applied
to each of said H-bridges, in which algorithm

normal and complementary triangle carrier wave-
forms of a desired switching frequency are established
for each of said levels of said multi-level phase drivers,
each waveform of each level is phase shifted with re-
spect to said waveforms of said other levels by an angle
oy, = 360°/21, where | is the number of levels of said
multi-level phase driver,

and wherein normal and complementary triangle
carrier waveforms of a desired switching frequency are
established for each level of each of said plurality of cir-
cuits, which respective waveforms of the same level of
each circuit are phase shifted with respect to one anoth-
er by an angle o, = oy,//k, where k is the number of said
plurality of circuits.
[0004] Preferably, each of said at least two H-bridges
further comprises a filter associated with each H-bridge
to help ensure that the output from said H-bridge is mod-
ular.
[0005] Advantageously, said control means can sum
the voltages of said respective isolated DC voltage
sources in each multi-level phase driver, the arrange-
ment being such that, in use, said control means can
modulate a common input reference signal to attenuate
a DC ripple voltage in an output of each multi-level
phase driver.
[0006] Preferably, said static power converter further
comprises a unique power source, a central DC link
powered by said unique power source and at least two
high frequency isolation stages defining respective iso-
lated DC voltage sources, each connected to one of said
at least two H-bridges respectively.
[0007] Preferably, said control means operates to ap-
ply normal and complementary triangle carrier wave-
forms to each of said H-bridges, and further comprising
means for producing random switching of said normal
and triangle carrier waveforms, the arrangement being
such that, in use, the signal to noise ratio of an output
voltage from said H-bridge is reduced and/or the need
to interleave said waveforms is inhibited.
[0008] Advantageously, the random switching is gen-
erated by a random pulse width modulation (PWM)
switching algorithm.
[0009] Alternatively, the random switching may be
generated by a random pulse density modulation
switching algorithm.
[0010] The multi-level phase drivers may be intercon-
nected in a star configuration or in a mesh configuration.
[0011] If desired, said plurality of multi-level phase
drivers may be configured without a common neutral.
[0012] If desired, said control means may comprise
means to shut down selected circuits of said plurality of
circuits in increments of 1/k, where k is the number of
said plurality of circuits. .
[0013] Preferably, said control means comprises
means to pass through selected levels of said multi-level
phase drivers, the arrangement being such that, in use,
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said static power converter can reduce the power sup-
plied in increments of 1/l, where | is the number of levels
of each multi-level phase driver.

[0014] Advantageously, said control means compris-
es means to shut down selected phases of said plurality
of circuits, the arrangement being such that, in use, said
static power converter can reduce the power supplied
in increments of 1/p, where p is the number of phases
of each of said plurality of circuits.

[0015] Preferably, said static power converter can
provide power that can be increased or decreased in
increments.

[0016] Advantageously, said static power converter
further comprises an electromagnetic machine with iso-
lated windings, each winding connected to said H-
bridge or said first and second H-bridges, the arrange-
ment being such that, in use, said electromagnetic ma-
chine defines an isolated voltage supply to each of said
H-bridges respectively.

[0017] Preferably, said control means comprises a
common input reference signal to each H-bridge and
means to independently modulate said common input
reference signal, the arrangement being such that, in
use, said modulation attenuates effective DC ripple volt-
age in an output of said static power converter.

[0018] Advantageously, said control means compris-
es a common input reference signal to each H-bridge
and means to independently modulate said common in-
put reference signal, the arrangement being such that,
in use, said modulation attenuates any harmonic volt-
age variation in an output of said static power converter.
[0019] Preferably, said static power converter further
comprises a modular dynamic braking system compris-
ing a power semi-conductor, a resistor and a freewheel-
ing diode, wherein said power semi-conductor can be
individually controlled by said control means, the ar-
rangement being such that, in use, if the voltage across
said H-bridge exceeds a predetermined value said pow-
er semi-conductor is activated by said control means to
allow said resistor to dissipate the excess voltage until
said voltage falls below said predetermined level.
[0020] If desired, said static power converter may
comprise one or more respective power semi-conduc-
tors connected between said isolated DC voltage
source and said H-bridge, the arrangement being such
that, in use, said respective power semi-conductor at-
tenuates link ripple voltage in an output of said static
power converter.

[0021] The presentinvention also provides a multiple
circuit motor system comprising a static power converter
in accordance with the present invention and a multiple
circuit motor, which static power converter, in use, pro-
vides a multi-circuit output to said multiple circuit motor,
wherein said multiple circuit motor comprises windings
that can be connected in series, parallel or open config-
uration in accordance with the required multiple motor
speed, voltage and power requirements.

[0022] In one embodiment, said multiple circuit motor
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system comprises separate coils which can be driven
by said static power converter, which separate coils are
housed in separate multiple circuit motor slots.

[0023] In another embodiment, said multiple circuit
motor comprises separate coils which can be driven by
said static power converter, which separate coils are
housed in one multiple circuit motor slot.

[0024] Advantageously, said multiple circuit motor
comprises multiple motor circuits that can be re-config-
ured to permit operation of said multiple circuit motor at
several speeds, each speed being achieved at substan-
tially the same voltage as said other speeds.

[0025] Preferably, said multiple circuit motor compris-
es multiple motor circuits that can be re-configured to
permit operation of said multiple circuit motor at several
voltages, each voltage generating substantially the
same multiple circuit motor speed.

[0026] Further objects and advantages of the inven-
tion will be apparent from a reading of the following de-
scription in conjunction with the accompanying draw-
ings, in which:

Fig. 1ais a schematic circuit diagram illustrating an
H-bridge used in a multi-level phase driver of a stat-
ic power converter according to the invention;

Fig. 1b is a schematic diagram illustrating a repre-
sentative embodiment of a multi-level phase driver
for use in a static power converter according to the
invention;

Fig. 2 is a schematic block diagram illustrating a
multi-level, multi-phase, multi-circuit static power
converter arrangement according to the invention;
Fig. 3 is a schematic circuit diagram illustrating an
electrical arrangement of a multi-phase, multi-cir-
cuit motor;

Fig. 4 is a graphical representation showing the car-
rier waveforms required for a five level, four circuit
static power converter according to the invention;
Fig. 5 is a schematic block diagram illustrating the
arrangement of a power converter system for an
electric load utilizing a static power converter ar-
rangement in accordance with an embodiment of
the invention;

Fig. 6 is a schematic circuit diagram illustrating an
arrangement of the H-bridge of Fig. 1a using power
transistors such as IGBT semiconductor devices;
Fig. 7 is a schematic block diagram of a pulse width
modulated sequencer module used to produce the
gate drive signals for an H-bridge;

Fig. 8 is a schematic circuit diagram illustrating an
arrangement of a dynamic braking system for use
within the H-bridge of Fig. 6;

Fig. 8ais a schematic circuit diagram illustrating an
arrangement of the H-bridge of Fig. 6 including pow-
er semiconductors in order to attenuate the effect
of DC link ripple voltage;

Fig. 9is a graphicalillustration showing left and right
gate drive signals for H-bridges used in the inven-
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tion;

Fig. 10 is a graphical illustration showing represent-
ative three-phase reference waveforms and trian-
gle modulation waveforms used in the invention;
Fig. 11 is a graphical representation showing volt-
ages for individual levels of a representative three
level phase driver, for one phase in one of the cir-
cuits of the static power converter of the invention;
Fig. 12 is a graphical illustration showing the multi-
level phase driver output voltage and load current
for one circuit of one phase in the static power con-
verter;

Fig. 13 is a graph showing the output voltages and
currents for two circuits in one of the phases of the
static power converter according to the invention;
Fig. 14 is a graphical illustration showing output
voltages and ripple currents for two of the circuits
in one of the phases in the static power converter,
as well as the combined result of the individual rip-
ple currents;

Fig. 15 is a graphical illustration showing line-to-
neutral and line-to-line voltages in the representa-
tive motor load of Fig. 3;

Fig. 16 is a graphical illustration showing static pow-
er converter line-to-neutral voltages and load cur-
rents for one of the representative three-phase cir-
cuits in accordance with the invention;

Fig. 17 is a schematic block diagram illustrating an
alternative embodiment of the invention utilizing
DC-DC converters.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0027] In the representative power converter system
for an electric load shown in Fig. 5, six isolated DC pow-
er sources 50 supply an array of power semiconductor
switches 52 arranged in H-bridges 12 which are con-
nected in series or "levels" as shown to produce the line-
to-neutral voltage required for a particular output phase
to aload 54. In the representative embodiment, a typical
H-bridge 12, shown in Fig. 1a, receives power from an
isolated DC power source through two terminals 14 and
16 shunted by a capacitor 18 and has two power tran-
sistors 20 and 22 connected between the lines 14 and
16, with the midpoint connected to an output terminal
24 and two further power transistors 26 and 28 connect-
ed between the lines 14 and 16 with the midpoint con-
nected to another output terminal 30.

[0028] Asshownin Fig. 1b, a series of H-bridges 12a,
12b through 12n, with output terminals connected in se-
ries to adjacent H-bridges, comprises a multi-level
phase driver 32 having a peak output voltage equal to
the total of the isolated DC power source voltages.
[0029] Fig. 2 illustrates the arrangement of a plurality
of multi-level phase drivers 32 arranged to supply power
to several phases of a multi-phase, multi-circuit load. In
the illustrated arrangement, all of the multi-level phase
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drivers 32 are connected at one end to a neutral point
34 and supply power to the several phases A...m of the
load from the other ends of the multi-level phase drivers.
[0030] Fig. 3 is a schematic circuit diagram showing
the arrangement of the circuits in a representative motor
load supplied with power from the static power converter
illustrated in Fig. 2. As shown in Fig. 3, the motor in-
cludes a total of k circuits 36, each circuit 36 being sup-
plied with m phases of power from the static power con-
verter.

[0031] Inordertoachieve a very high effective switch-
ing frequency, i.e., a high frequency of the flux compo-
nent in the representative motor load that is the result
of the ripple current generated by the static power con-
verter output voltage waveform, a two-dimensional in-
terleaved pulse width modulation (PWM) algorithm is
used to allow operation of the power semiconductor
switches in their most efficient operating mode while
producing a switching waveform at the static power con-
verter terminals that can be more than an order of mag-
nitude higher than the PWM frequency of a single
switch. Either of two algorithms may be used to produce
this two-dimensional interleave as described hereinaf-
ter.

[0032] The effective switching frequency produced by
the static power converter is a function of the PWM fre-
quency of an individual switch, the number of H-bridge
levels in the multi-level phase driver, and the number of
multi-level phase driver circuits per phase according to
the relationship

fo=2IKF

pwm?
where:

foir is the effective switching frequency seen by the
load;

fowm is the carrier waveform frequency;

| is the number of series levels; and

k is the number of static power converter circuits.

[0033] The PWM algorithm used to produce the
switching pattern is a modification of the basic triangular
PWM algorithm in which a carrier waveform is compared
to areference waveform that represents the desired out-
put waveform. Other PWM algorithms can also be em-
ployed effectively.

[0034] Ina preferred embodiment of the invention, the
carrier waveforms for an individual H-bridge are a trian-
gle wave and its complement. In the typical H-bridge
shown in Fig. 6, the states of a left pair of switches 40
and 42 are controlled by comparison of the normal tri-
angle wave with the reference and the states of a right
pair of switches 44 and 46 are controlled by comparison
of the complementary triangle wave with the reference.
Each of the switches is shunted by a diode 50.

[0035] When the upper left and lower right switches
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40 and 46 are on, the output voltage of the bridge is
+V,4; which is the voltage applied across the terminals
14 and 16 of the bridge. When the lower left and upper
right switches 42 and 44 are on, the output voltage of
the bridge is -V,,;. When either both upper switches or
both lower switches are on, the output voltage of the
bridge is zero and current flows through one of the two
switches and the diode 50 shunting the other switch de-
pending on the polarity of the output terminals.

[0036] Interleaving of the levels within a multi-level
phase driver is achieved according to either of the fol-
lowing algorithms:

Interleave Algorithm 1:

[0037] Normal and complementary triangle wave-
forms of the desired switching frequency are estab-
lished for each H-bridge level of a multi-level phase driv-
er. The triangle carrier waveforms of each level are
phase shifted with respect to each other by an angle Oy
=360°/I, where lis the number of phase levels of a multi-
level phase driver.

[0038] In addition, normal and complementary trian-
gle carrier waveforms of the desired switching frequen-
cy are established for the multi-level phase drivers of
the multiple circuits such that the carrier waveforms of
each circuit of the level of interest are phase-shifted with
respect to the corresponding circuits of the same level
by the angle o =0y, /2k where k is the number of static
power converter circuits. The required carrier wave-
forms for a five level, four circuit static power converter
are illustrated in Fig. 4.

Interleave Algorithm 2:

[0039] The second two-dimensional interleave algo-
rithm is similar to the first where normal and comple-
mentary triangle carrier waveforms of the desired
switching frequency are established for each H-bridge
level of a multi-level phase driver. In this case, however,
the triangle carrier waveforms of each level are phase-
shifted with respect to each other by an angle oy = 360°/
2/ where I is the number of levels of a multi-level phase
driver. In addition, normal and complementary triangle
carrier waveforms of the desired switching frequency
are established for the multi-level phase drivers of the
multiple circuits, such that the carrier waveforms of each
circuit of the level of interest are phase-shifted with re-
spect to the corresponding circuits of the same level by
the angle o = oy, /k where k is the number of static
power converter circuits.

[0040] The time shifts between the PWM carrier
waveforms for either of the above interleave algorithms
are calculated as follows:

Tewm = (Vfpwm);
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Ty = 02T pyypy);

and

Tokt = Ooit! QT T pyypg)-

Random Switching Algorithm:

[0041] A third switching technique is one in which a
randomized switching algorithm is employed. Utilizing a
random switching algorithm spreads the current har-
monics present in the output waveform over a range of
spectra. The range in which the switching harmonics are
dispersed begins at the lowest random carrier frequency
and continues throughout the random frequency range
and also includes the multiples of these random fre-
quencies. Consequently, the output current harmonic
spectrum appears as broadband noise in addition to the
fundamental reference waveform harmonic. The ratio of
fundamental to switching harmonics (i.e. the signal to
noise ratio) is large and requires little or no output filter-
ing. Also, no specific tones are generated in the load
from a static power converter with a random switching
algorithm.

[0042] Forthe multi-level power converters according
to the invention, application of a random switching algo-
rithm eliminates the need for interleaving of carrier
waveforms, thereby simplifying the control system ar-
chitecture. By implementing a random switching algo-
rithm into a multi-level power converter, the switching
harmonics present in the output are dispersed, and the
signal to noise ratio is improved.

[0043] Random switching is implemented using a tri-
angular carrier waveform with a period randomly varied
between a minimum and maximum frequency. The min-
imum and maximum frequency chosen depend on the
switching device selected, and the performance de-
sired, such as efficiency or power quality. For a multi-
level static power converter of the invention, the right
pole pair of switches is controlled by comparison of the
random period triangle waveform with the reference
waveform. When the reference is greater than the car-
rier, the upper switch is on (lower switch off); and when
the reference is less than the carrier, the lower switch is
on (upper switch off). The left pole pair of switches is
controlled by comparison of the inverse of the random
triangle with the reference waveform. When the refer-
ence is less than the carrier, the upper switch is on (low-
er switch off); and when the reference is greater than
the carrier, the lower switch is on (upper switch off). Al-
tematively, a random rise time and a random fall time
for the triangular PWM carrier waveform could be imple-
mented for the same multi-level full bridge topology.
[0044] Another random switching algorithm, pulse
density modulation, is achieved when a voltage pulse
with a fixed width (i.e. fixed time period) is used as the
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carrier from which the output voltage is created. In this
case, an integral number of pulses are used to synthe-
size the output waveform, and the modulator deter-
mines the shape of the pulse train.

[0045] The spectrum of the resulting voltage wave-
form has a characteristic broadband "colored noise" ap-
pearance, similar to the random PWM switching algo-
rithm, which can be taken advantage of in a multi-level
power converter. Specifically, the non-coherent broad-
band spectrum sums according to the power sum rela-
tionship

where V,, is the resultant spectrum, V,,is the spectrum
produced by one power converter level, and n is the
number of power converter levels. The demodulated
fundamental is coherent and sums directly according to
the relationship

V =
f,

”
Vv

A
where Vfr is the resultant fundamental voltage, Vf, is the
fundamental voltage produced by one power converter
level, and n is the number of power converter levels.
Therefore, when compared with the signal to noise ratio
of a single level, the resultant signal to noise ratio im-
proves with increasing levels according to the relation-
ship:

[0046] The static power converter arrangement of the
invention achieves very high full and part power efficien-
cies using the implementation of a unique load partition-
ing method. The capacity of the static power converter
system is partitioned by design according to the number
of static power converter circuits implemented so that
each multi-phase circuit provides the factor 1/k of the
total power, k being the number of circuits. By turning
off selected carrier waveforms, entire multi-level, multi-
phase circuits can be shut down, thereby reducing over-
all static power converter losses. To ensure that output
spectral performance is not adversely affected as static
power converter circuits are shut down, symmetry of
carrier waveforms must be maintained among the multi-
phase circuits that remain. This may be accomplished
by using one of several selected load partitioning meth-
ods.
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Load Partitioning Method 1:

[0047] In a first method for partitioning load the static
power converter circuits can be shut down one by one
so that the static power converter rating can be parti-
tioned in increments of 1/k. This allows the static power
converter capacity to be closely tailored to the power
required by the load. This is accomplished by shutting
down the carrier waveforms of the circuit of interest and
then redistributing the remaining carrier waveforms ac-
cording to the two dimensional interleave method de-
scribed above, which requires recalculation and redis-
tribution of the remaining carrier waveforms.

Load Partitioning Method 2:

[0048] In a second load partitioning method, inter-
leaved circuit carrier waveforms are selected for shut-
down so that the phase shifts between the remaining
carrier waveforms are evenly distributed in time so that
no modification is necessary for the remaining carrier
waveforms. In one example, a four circuit static power
converter having carrier waveforms such as shown in
Fig. 4 is used. In this case, the even numbered circuits
can be shut down, reducing the static power converter
capacity by 50% and eliminating all losses related to the
shut down circuits while leaving the remaining circuits
symmetrically distributed. In addition, one of the two re-
maining carriers can also be shut down, reducing the
static power converter capacity to 25%. This method is
simpler than Load Partitioning Method 1 but its flexibility
is limited by the number of circuit combinations that en-
sure symmetry is maintained.

Load Partitioning Method 3:

[0049] Athird load partitioning method allows the stat-
ic power converter levels to be shut down one by one
so that the static power converter voltage rating can be
partitioned in increments of 1/€. This allows the static
power converter capacity to be closely tailored to the
power required by the load by adjustment of the output
voltage to each multi-phase circuit, and is accomplished
by turning either both upper switches or both lower
switches on in a given level, thus generating zero volt-
age at that level but allowing a path for current flow to
the adjacent levels. This method requires recalculation
and redistribution of the remaining carrier waveforms,
unless the demand is such that levels can be turned off
in a symmetrical fashion.

Load Partitioning Method 4:

[0050] A fourth load partitioning method allows the
static power converter phases to be shut down in such
a way as to allow balanced phase separations of the
remaining multi-level phase drivers within each circuit.
For example, in a six-phase multi-level, multi-circuit
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static power converter, three of the multi-level phase
drivers may be shut down, leaving balanced three-
phase power supplied to the multi-phase, multi-circuit
load.

Load Partitioning Method 5:

[0051] Afifth load partitioning method allows partition-
ing of load using a combination of load partitioning meth-
ods one through four. Selected H-bridges are shut off in
a combination of levels, circuits and phases. This meth-
od allows the most flexibility in tailoring the static power
converter capacity to the power required by the load,
and requires the highest level of control complexity of
all of the load partitioning methods.

[0052] A modular dynamic braking system for control-
ling motor loads can be incorporated into the static pow-
er converter embodiments described herein. As shown
in Fig. 8, a modular dynamic braking system 52 includes
a power semiconductor 54, a freewheeling diode 56,
and a braking resistor 58 arranged so that the collector
60 of the power semiconductor is connected to the an-
ode 62 of the diode 56 and to a terminal 64 of the braking
resistor 58. The cathode terminal 66 of the diode 56 and
the other terminal 68 of the braking resistor 58 are con-
nected to a positive DC input terminal 70 of an H-bridge
72 while the emitter 74 of the power semiconductor is
connected to the negative terminal 76 of the H-bridge.
Each H-bridge in the static power converter is provided
with an identical braking assembly connected across its
DC input terminals and each of the braking resistors is
sized to dissipate a fraction of the motor regenerated
energy, permitting the static power converter to dissi-
pate the total motor regenerated energy. The power
semiconductors 54 used to switch the braking resistors
58 into the circuit can be individually controlled by mon-
itoring the DC voltage across each respective H-bridge.
If the DC voltage exceeds a pre-determined setpoint,
the power semiconductor is turned on, thereby introduc-
ing the braking resistor into the circuit to dissipate ener-
gy until the DC voltage falls to its nominal level.

[0053] In the typical example of a preferred embodi-
ment shown in Fig. 5, eighteen isolated DC sources 50
supply voltage to a three-phase, three-level, two-circuit
static power converter 52 which, in turn, supplies power
to a medium voltage three phase, two-circuit permanent
magnet synchronous motor 54. In this representative
example, the eighteen isolated DC voltage sources 50
supply approximately 1,150 volts each.

[0054] In accordance with the invention, a static pow-
er converter is assembled from a collection of H-bridge
of power modules 12, PWM sequencers and externally
produced three-phase reference signals. As described
above and shown in Fig. 6 each power module includes
a pair of isolated DC source conductors 14 and 16, a
DC link capacitor bank 18, an H-bridge consisting of four
switches 40, 42, 44 and 46 shunted by diodes 50 and a
pair of output conductors 24 and 30. The gating signals
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that drive the H-bridge switches 40, 42, 44 and 46 are
generated in a PWM sequencer 80 shown in Fig. 7.
Each PWM sequencer 80 receives an externally pro-
duced reference waveform, such as a sinusoid, and
compares this reference to triangle waveforms generat-
ed within the PWM sequencer according to the two-di-
mensional interleaving scheme described above and
shown in Fig. 4. The PWM frequency is pre-determined
along with the necessary phase shifts between triangle
waveforms, as calculated according to the procedure
described above.

[0055] As shown in Fig. 7 a typical PWM sequencer
module 80 has two triangle wave generators 82 and 84,
a reference signal input 86 and four PWM output termi-
nals 88, 90, 92 and 94. The three-phase sinusoidal ref-
erence is made up of three AC waveforms displaced in
phase from one another by 120°. The amplitude of the
signals determines, in part, the width of the PWM output
signals, with a modulation index, M, normalized to 1. In
this way, the reference signals can be modified by
changing the index M. The three-phase sinusoidal ref-
erence can also be modulated with the injection of har-
monic or non-harmonic content in such a fashion as to
attenuate the effect of DC link ripple voltage, or any har-
monic or non-harmonic voltage, in the output voltage
waveform.

[0056] The effect of DC link ripple voltage, or any har-
monic or non-harmonic voltage may also be attenuated
through the use of power semiconductors 19 as illustrat-
ed in Fig. 8a. In this embodiment the power module
shown in Fig. 6 additionally includes one or more power
semiconductors 19 in parallel with the DC link capacitor
bank 18.

[0057] To produce a representative top level static
power converter as depicted in Fig. 2, eighteen of the
power modules described above, with associated PWM
sequencers are interconnected to produce a three level,
three-phase, two-circuit static power converter. The
three series connected levels are capable of producing
an end-to-end voltage of plus or minus three times the
DC rail voltage. One end of each of the three static pow-
er converter phases of each circuit is connected to a sin-
gle point that becomes the floating neutral point 34 with-
in the drive, forming a star-connected (or a wye-connec-
tion for systems of three phases) three-phase, two-cir-
cuit source wherein the maximum line-to-neutral rms
output voltage is

_3Vnc

VN % (V,ms)- The resulting

maximum line-to-line rms output voltage is

_3“/3VDC(V

VL-L —_ﬁ_— rms)'
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[0058] The motor winding configuration can be
changed, depending on the power, voltage and speed
requirements of the motor load. By reconfiguring the
several motor windings, whether the windings are elec-
tromagnetically coupled or not, into a parallel, serial, or
open arrangement, several speeds can be achieved at
the same static power converter output voltage, thus
raising output power to the motor load. Reconfiguration
can also be performed to lower static power converter
output frequency or voltage, thus lowering motor load
power rating.

[0059] The external reference waveform applied to
the input 86 in the illustrated example to produce the
waveforms of Figs. 9 through 16, is a three-phase 60
Hz sinusoid with modulation index M set to 0.8. The
PWM frequency is 1,667 Hz and the time delay (phase
shift between triangle waveforms) is calculated using
the two-dimensional interleaving scheme 2 described
above and provided in Table 1 below. For the static pow-
er converter described, the effective switching frequen-
cy is

foff = 2039221,667 Hz = 20 kHz.

TABLE 1

Level (oy,; = 60°) | Time Shift (from 0°)
Circuit (o = 30°)

1 2
1 0.0ms 0.5ms
2 0.1ms 0.15ms
3 0.2ms 0.25ms

[0060] The power circuit module component values
used for simulation of this example are set forth in Table
2 for reference purposes.

TABLE 2
Component Value
Static power converter
CLINK 20,000uF
L 400uH
Motor
Rm 6.9Q

[0061] The results of the drive system simulation of
the above described example system are presented in
Figs. 9 through 16.

[0062] In another alternative embodiment as shown
in Fig. 17, the number of isolated DC power supplies
required is reduced by providing isolation through a high
frequency isolation stage 98 connected to each H-
bridge 100 and powered by a central DC link 102.
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DC-DC conversion with electrical isolation is obtained
using any of several established methods. A small DC
link capacitor 104 and the H-bridge module 100 then op-
erate in the same manner described above with refer-
ence to Figs. 1-6 in the preferred embodiment. The stat-
ic power converter levels, phases, and circuits on the
load end of the static power converter are interconnect-
ed in the manner described above with respect to Figs.
1 through 4.

[0063] In another alternative embodiment the static
power converter configuration is a delta connection of
multi-level phase drivers or more generally a "mesh"
connection for systems of more than three phases. This
embodiment requires the static power converter output
of phase A to be connected to the power converter input
of phase B, the output of phase B to be connected to
the input of phase C, and the output of phase C to be
connected to the input of phase A. The three phase out-
put of the delta-connected power converter is then con-
nected to the load. This option produces a lower line-to-
line output voltage, resulting in higher current than the
wye-connected modules and therefore requires a great-
er number of converter levels to produce the same out-
put voltage for the load.

[0064] In another alternative embodiment the static
power converter can be configured without a floating
neutral within the static power converter, requiring the
load to be wound open and each circuit of each phase
of the power converter to have two connections to the
load. This option increases cabling to the load, but al-
lows phases to be controlled independently of each oth-
er.

[0065] The unlimited voltage static power converter
according to the invention thus provides complete static
power converter systems that exhibit very high power
density, very low torque oscillation, high fidelity voltage
and current waveforms, and excellent scalability for ap-
plications of foreseeable power ratings.

[0066] Although the invention has been described
herein with reference to specific embodiments, many
modifications and variations therein will readily occur to
those skilled in the art. Accordingly, all such variations
and modifications are included within the intended
scope of the invention.

Claims

1. A static power converter comprising one or a plu-
rality of circuits (32) each of which comprises a plu-
rality of multi-level phase drivers, each of which
comprises at least two levels, each of which levels
comprises an H-bridge, each H-bridge comprising
two pairs of power semi-conductors (20,22;26,28),
each of said pairs connected in series between a
positive rail (14) and a negative rail (16) for a re-
spective isolated DC voltage source, a midpoint
node (24,30) of one of said pairs connected to a cor-
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responding midpoint node of a pair of power semi-
conductors of the or an adjacent H-bridge, the ar-
rangement being such that, in use, a maximum out-
put voltage can be obtained that is substantially
equal to the sum of the voltages of said respective
isolated DC voltage sources, and

control means for controlling each power
semi-conductor,

said control means being operable or operat-
ed by an algorithm to interleave gate signals that
are applied to each of said H-bridges, in which al-
gorithm

normal triangle carrier waveforms of a desired
switching frequency are established for each of said
levels of said multi-level phase drivers, each wave-
form of each level is phase shifted with respect to
said waveforms of said other levels by an angle o,
=360°/I, where | is the number of levels of said mul-
ti-level phase driver, characterized in that for each
normal triangle carrier waveform a complementary
triangle carrier waveform is established, each com-
plementary waveform of each level being phase
shifted with respect to complementary waveforms
of said other levels by an angle a;,,, in that said stat-
ic power converter comprises a plurality of such cir-
cuits (32) and in that normal and complementary
triangle carrier waveforms of said desired switching
frequency are established for each level of each of
said plurality of circuits, which respective wave-
forms of the same level of each circuit are phase
shifted with respect to one another by an angle o
= oyy/2k, where k is the number of said plurality of
circuits.

A static power converter comprising one or a plu-
rality of circuits (32) each of which comprises a plu-
rality of multi-level phase drivers, each of which
comprises at least two levels, each of which levels
comprises an H-bridge, each H-bridge comprising
two pairs of power semi-conductors (20,22;26,28),
each of said pairs connected in series between a
positive rail (14) and a negative rail (16) for a re-
spective isolated DC voltage source, a midpoint
node (24,30) of one of said pairs connected to a cor-
responding midpoint node of a pair of power semi-
conductors of the or an adjacent H-bridge, the ar-
rangement being such that, in use, a maximum out-
put voltage can be obtained that is substantially
equal to the sum of the voltages of said respective
isolated DC voltage sources, and

control means for controlling each power
semi-conductor,

said control means being operable or operat-
ed by an algorithm to interleave gate signals that
are applied to each of said H-bridges,
characterized in that in said algorithm

normal and complementary triangle carrier
waveforms of a desired switching frequency are es-
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tablished for each of said levels of said multi-level
phase drivers, each waveform of each level is
phase shifted with respect to said waveforms of said
other levels by an angle oy, = 360°/2I, where | is the
number of levels of said multi-level phase driver, in
that said static power converter comprises a plural-
ity of such circuits (32) and in that normal and
complementary triangle carrier waveforms of said
desired switching frequency are established for
each level of each of said plurality of circuits, which
respective waveforms of the same level of each cir-
cuit are phase shifted with respect to one another
by an angle o,y = oy, /k, where k is the number of
said plurality of circuits.

A static power converter as claimed in Claim 1 or 2,
wherein each of said at least two H-bridges further
comprises a filter associated with each H-bridge to
help ensure that the output from said H-bridge is
modular.

A static power converter as claimed in Claim 1, 2 or
3, wherein said control means can sum the voltages
of said respective isolated DC voltage sources in
each multi-level phase driver, the arrangement be-
ing such that, in use, said control means can mod-
ulate a common input reference signal to attenuate
a DC ripple voltage in an output of each multi-level
phase driver.

A static power converter as claimed in any of Claims
1 to 4, further comprising a unique power source, a
central DC link powered by said unique power
source and at least two high frequency isolation
stages defining respective isolated DC voltage
sources, each connected to one of said at least two
H-bridges respectively.

A static power converter as claimed in any preced-
ing Claim, wherein said control means operates to
apply normal and complementary triangle carrier
waveforms to each of said H-bridges, and further
comprising means for producing random switching
of said normal and triangle carrier waveforms, the
arrangement being such that, in use, the signal to
noise ratio of an output voltage from said H-bridge
is reduced.

A static power converter as claimed in Claim 6,
wherein the random switching is generated by a
random pulse width modulation (PWM) switching
algorithm.

A static power converter as claimed in Claim 6,
wherein the random switching is generated by a
random pulse density modulation switching algo-
rithm.
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A static power converter as claimed in any preced-
ing Claim, wherein said plurality of multi-level phase
drivers are interconnected in a star configuration.

A static power converter as claimed in any of Claims
1 to 8, wherein said plurality of multi-level phase
drivers are interconnected in a mesh configuration.

A static power converter as claimed in any of Claims
1 to 8, wherein said plurality of multi-level phase
drivers are configured without a common neutral.

A static power converter as claimed any preceding
Claim, wherein said control means comprises
means to shut down selected circuits of said plural-
ity of circuits in increments of 1/k, where k is the
number of said plurality of circuits.

A static power converter as claimed in any preced-
ing Claim, wherein said control means comprises
means to pass through selected levels of said multi-
level phase drivers, the arrangement being such
that, in use, said static power converter can reduce
the power supplied in increments of 1/l, where | is
the number of levels of each multi-level phase driv-
er.

A static power converter as claimed in any preced-
ing Claim, wherein said control means comprises
means to shut down selected phases of said plural-
ity of circuits, the arrangement being such that, in
use, said static power converter can reduce the
power supplied in increments of 1/p, where p is the
number of phases of each of said plurality of cir-
cuits.

A static power converter which can provide power
that can be increased or decreased in increments
as claimed in a combination of any of Claims 12, 13
and 14.

A static power converter as claimed in any preced-
ing Claim, further comprising an electromagnetic
machine with isolated windings, each winding con-
nected to said H-bridge, the arrangement being
such that, in use, said electromagnetic machine de-
fines an isolated voltage supply to each of said H-
bridges respectively.

A static power converter as claimed in any preced-
ing Claim, wherein said control means comprises a
common input reference signal to each H-bridge
and means to independently modulate said com-
mon input reference signal, the arrangement being
such that, in use, said modulation attenuates effec-
tive DC ripple voltage in an output of said static pow-
er converter.
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A static power converter as claimed in any preced-
ing Claim, wherein said control means comprises a
common input reference signal to each H-bridge
and means to independently modulate said com-
mon input reference signal, the arrangement being
such that, in use, said modulation attenuates any
harmonic voltage variation in an output of said static
power converter.

A static power converter as claimed in any preced-
ing Claim, further comprising a modular dynamic
braking system comprising a power semi-conduc-
tor, a resistor and a freewheeling diode, wherein
said power semi-conductor can be individually con-
trolled by said control means, the arrangement be-
ing such that, in use, if the voltage across said H-
bridge exceeds a predetermined value said power
semi-conductor is activated by said control means
to allow said resistor to dissipate the excess voltage
until said voltage falls below said predetermined
level.

A static power converter as claimed in any preced-
ing Claim, further comprising one or more respec-
tive power semi-conductors connected between
said respective isolated DC voltage source and said
H-bridge, the arrangement being such that, in use,
said respective power semi-conductor attenuates
link ripple voltage in an output of said static power
converter.

A multiple circuit motor system comprising a static
power converter as claimed in any preceding Claim
and a multiple circuit motor, which static power con-
verter, in use, provides a multi-circuit output to said
multiple circuit motor, wherein said multiple circuit
motor comprises windings that can be connected in
series, parallel or open configuration in accordance
with the required multiple motor speed, voltage and
power requirements.

A multiple circuit motor system as claimed in Claim
21, wherein said multiple circuit motor comprises
separate coils which can be driven by said static
power converter, which separate coils are housed
in separate multiple circuit motor slots.

A multiple circuit motor system as claimed in Claim
21, wherein said multiple circuit motor comprises
separate coils which can be driven by said static
power converter, which separate coils are housed
in one multiple circuit motor slot.

A multiple circuit motor system as claimed in Claim
21, 22 or 23, wherein said multiple circuit motor
comprises multiple motor circuits that can be re-
configured to permit operation of said multiple cir-
cuit motor at several speeds, each speed being
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achieved at substantially the same voltage as said
other speeds.

25. A multiple circuit motor as claimed in Claim 21, 22

or 23, wherein said multiple circuit motor comprises
multiple motor circuits that can be re-configured to
permit operation of said multiple circuit motor at
several voltages, each voltage generating substan-
tially the same multiple circuit motor speed.

Patentanspriiche

1.

Statischer Leistungsumsetzer, der eine oder meh-
rere Schaltungen (32), wovon jede mehrere Mehr-
fachebenen-Phasentreiber umfafdt, wovon jeder
wenigstens zwei Ebenen umfaldt, wovon jede eine
H-Briicke umfalit, wovon jede zwei Leistungshalb-
leiter-Paare (20; 22; 26; 28) umfallt, wovon jedes
zwischen eine positive Schiene (14) und eine ne-
gative Schiene (16) fir eine jeweilige isolierte
Gleichspannungsquelle in Reihe geschaltet ist, wo-
bei ein Mittelpunktsknoten (24, 30) eines der Paare
mit einem entsprechenden Mittelpunktsknoten ei-
nes Leistungshalbleiter-Paars der oder einer be-
nachbarten H-Brlicke verbunden ist, wobei die An-
ordnung derart ist, dal im Gebrauch eine maximale
Ausgangsspannung erhalten werden kann, die im
wesentlichen gleich der Summe aus den Spannun-
gen der jeweiligen isolierten Gleichspannungsquel-
len ist, und

Steuermittel, die jeden Leistungshalbleiter
steuern, umfaft,

wobei die Steuermittel durch einen Algorith-
mus betreibbar sind oder betrieben werden, um Ga-
te-Signale, die an jede der H-Briicken angelegt wer-
den, zu verschachteln, wobei in dem Algorithmus

fur jede der Ebenen der Mehrfachebenen-
Phasentreiber normale Dreieck-Tragersignalfor-
men mit einer gewiinschten Schaltfrequenz gebil-
det werden, wobei jede Signalform jeder Ebene in
bezug auf die Signalformen der anderen Ebenen
um einen Winkel oy, = 360°/l, wobei | die Anzahl der
Ebenen des Mehrfachebenen-Phasentreibers ist,
phasenverschoben ist, dadurch gekennzeichnet,
daB fir jede normale Dreieck-Tragersignalform ei-
ne komplementare Dreieck-Tragersignalform gebil-
det wird, wobei jede komplementéare Signalform je-
der Ebene in bezug auf komplementére Signalfor-
men der anderen Ebenen um einen Winkel o, pha-
senverschoben ist, daR der statische Leistungsum-
setzer mehrere derartige Schaltungen (32) umfaft
und daf normale und komplementére Dreieck-Tra-
gersignalformen der gewlinschten Schaltfrequenz
fir jede Ebene jeder der mehreren Schaltungen ge-
bildet werden, wobei die jeweiligen Signalformen
derselben Ebene jeder Schaltung zueinander um
einen Winkel o = ay,/2k, wobei k die Anzahl der
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mehreren Schaltungen ist,
sind.

phasenverschoben

Statischer Leistungsumsetzer, der eine oder meh-
rere Schaltungen (32), wovon jede mehrere Mehr-
fachebenen-Phasentreiber umfallt, wovon jeder
wenigstens zwei Ebenen umfalit, wovon jede eine
H-Briicke umfalt, wovon jede zwei Leistungshalb-
leiter-Paare (20, 22; 26, 28) umfaldt, wovon jedes
zwischen eine positive Schiene (14) und eine ne-
gative Schiene (16) fir eine jeweilige isolierte
Gleichspannungsquelle in Reihe geschaltet ist, wo-
bei ein Mittelpunktsknoten (24, 30) eines der Paare
mit einem entsprechenden Mittelpunktsknoten ei-
nes Leistungshalbleiter-Paars der oder einer be-
nachbarten H-Briicke verbunden ist, wobei die An-
ordnung derartist, dal im Gebrauch eine maximale
Ausgangsspannung erhalten werden kann, die im
wesentlichen gleich der Summe aus den Spannun-
gen der jeweiligen isolierten Gleichspannungsquel-
len ist, und

Steuermittel, die jeden Leistungshalbleiter
steuern, umfalidt,

wobei die Steuermittel durch einen Algorith-
mus betreibbar sind oder betrieben werden, um Ga-
te-Signale, die an jede der H-Briicken angelegt wer-
den, zu verschachteln, dadurch gekennzeichnet,
daB in dem Algorithmus

fir jede der Ebenen der Mehrfachebenen-
Phasentreiber normale und komplementare Drei-
eck-Signalformen einer gewilinschten Schaltfre-
quenz gebildet werden, wobei jede Signalform je-
der Ebene in bezug auf die Signalformen der ande-
ren Ebenen um einen Winkel oy, = 360°/2l, wobei |
die Anzahl der Ebenen der Mehrfachebenen-Pha-
sentreiber ist, phasenverschoben ist, dal der stati-
sche Leistungsumsetzer mehrere derartige Schal-
tungen (32) umfalt und daRR normale und komple-
mentdre Dreieck-Tragersignalformen der ge-
wiinschten Schaltfrequenz flir jede Ebene jeder der
mehreren Schaltungen gebildet werden, wobei je-
weilige Signalformen derselben Ebene jeder Schal-
tung zueinander um einen Winkel oy = oy,/K, wo-
bei k die Anzahl der mehreren Schaltungen ist, pha-
senverschoben sind.

Statischer Leistungsumsetzer nach Anspruch 1
oder 2, bei dem jede der wenigstens zwei H-Bruk-
ken ferner ein Filter umfal3t, das jeder H-Briicke zu-
geordnet ist und dazu beitragt, sicherzustellen, dal
das Ausgangssignal der H-Briicke modular ist.

Statischer Leistungsumsetzer nach Anspruch 1, 2
oder 3, bei dem die Steuermittel die Spannungen
derjeweiligen isolierten Gleichspannungsquellenin
jedem Mehrfachebenen-Phasentreiber summieren
kénnen, wobei die Anordnung derart ist, dal® die
Steuermittel im Gebrauch ein gemeinsames Ein-
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gangsreferenzsignal modulieren kénnen, um eine
Brummgleichspannung in einem Ausgangssignal
jedes Mehrfachebenen-Phasentreibers zu damp-
fen.

Statischer Leistungsumsetzer nach einem der An-
spriche 1 bis 4, der ferner eine einzige Leistungs-
quelle, ein zentrales Gleichspannungsverbin-
dungsglied, das von der einzigen Leistungsquelle
mit Leistung versorgt wird, und wenigstens zwei
Hochfrequenz-Isolationsstufen, die jeweilige iso-
lierte Gleichspannungsquellen definieren und wo-
von jede mit einer entsprechenden der wenigstens
zwei H-Briicken verbunden ist, umfaft.

Statischer Leistungsumsetzer nach einem vorher-
gehenden Anspruch, bei dem die Steuermittel in
der Weise arbeiten, daB sie an jede der H-Briicken
normale und komplementéare Dreieck-Tragersignal-
formen anlegen, wobei der Umsetzer ferner Mittel
zum Erzeugen von zufélligen Schaltvorgéangen der
normalen und komplementéren Dreieck-Tragersi-
gnalformen umfaf3t, wobei die Anordnung derart ist,
dal im Gebrauch der Rauschabstand einer Aus-
gangsspannung von der H-Bruicke reduziertist und/
oder die Notwendigkeit einer Verschachtelung der
Signalformen vermieden wird.

Statischer Leisungsumsetzer nach Anspruch 6, bei
dem die zufalligen Schaltvorgdnge durch einen
Schaltalgorithmus fiir zuféllige Impulsbreitenmodu-
lation (PWM) erzeugt werden.

Statischer Leistungsumsetzer nach Anspruch 6, bei
dem die zufélligen Schaltvorgénge durch einen
Schaltalgorithmus fiir zufallige Impulsdichtemodu-
lation erzeugt werden.

Statischer Leistungsumsetzer nach einem vorher-
gehenden Anspruch, bei dem die mehreren Mehr-
fachebenen-Phasentreiber in einer Sternkonfigura-
tion miteinander verbunden sind.

Statischer Leistungsumsetzer nach einem der An-
spriche 1 bis 8, bei dem die mehreren Mehrfache-
benen-Phasentreiber in einer Maschenkonfigurati-
on miteinander verbunden sind.

Statischer Leistungsumsetzer nach einem der An-
spriche 1 bis 8, bei dem die mehreren Mehrfache-
benen-Phasentreiber ohne gemeinsamen Nulleiter
konfiguriert sind.

Statischer Leistungsumsetzer nach einem vorher-
gehenden Anspruch, bei dem die Steuermittel Mit-
tel umfassen, die ausgewahlte Schaltungen der
mehreren Schaltungen in Inkrementen von 1/k, wo-
bei k die Anzahl der mehreren Schaltungen ist, ab-

10

15

20

25

30

35

40

45

50

55

12

13.

14.

15.

16.

17.

18.

19.

22
schalten.

Statischer Leistungsumsetzer nach einem vorher-
gehenden Anspruch, bei dem die Steuermittel Mit-
tel umfassen, die ausgewahlte Ebenen der Mehrfa-
chebenen-Phasentreiber durchlassen, wobei die
Anordnung derart ist, daf} der statische Leistungs-
umsetzer im Gebrauch die gelieferte Leistung in In-
krementen von 1/l, wobei | die Anzahl der Ebenen
jedes Mehrfachebenen-Phasentreibers ist, redu-
zieren kann.

Statischer Leistungsumsetzer nach einem vorher-
gehenden Anspruch, bei dem die Steuermittel Mit-
tel umfassen, die ausgewahlte Phasen der mehre-
ren Schaltungen abschalten, wobei die Anordnung
derartist, daf3 im Gebrauch der statische Leistungs-
umsetzer die gelieferte Leistung in Inkrementen
von I/p,

wobei p die Anzahl der Phasen jeder der mehreren
Schaltungen ist, reduzieren kann.

Statischer Leistungsumsetzer, der Leistung bereit-
stellen kann, die in Inkrementen, die durch eine
Kombination nach irgendwelchen der Anspriiche
12, 13 und 14 definiert ist, erhdht oder erniedrigt
werden kann.

Statischer Leistungsumsetzer nach einem vorher-
gehenden Anspruch, der ferner eine elektromagne-
tische Maschine mit isolierten Wicklungen umfallt,
wobei jede Wicklung mit der H-Briicke verbunden
ist, wobei die Anordnung derart ist, daf3 die elektro-
magnetische Maschine im Gebrauch fur jede der
entsprechenden H-Briicken eine isolierte Span-
nungsversorgung definiert.

Statischer Leistungsumsetzer nach einem vorher-
gehenden Anspruch, bei dem die Steuermittel ein
gemeinsames Eingangsreferenzsignal fir jede
H-Briucke sowie Mittel umfassen, die das gemein-
same Eingangsreferenzsignal unabhangig modu-
lieren, wobei die Anordnung derart ist, da® im Ge-
brauch die Modulation die effektive Brummgleich-
spannung in einem Ausgangssignal des statischen
Leistungsumsetzers dampft.

Statischer Leistungsumsetzer nach einem vorher-
gehenden Anspruch, bei dem die Steuermittel ein
gemeinsames Eingangsreferenzsignal fir jede
H-Bricke sowie Mittel umfassen, die das gemein-
same Eingangsreferenzsignal unabhangig modu-
lieren, wobei die Anordnung derart ist, da® im Ge-
brauch die Modulation jede harmonische Span-
nungsschwankung in einem Ausgangssignal des
statischen Leistungsumsetzers dampft.

Statischer Leistungsumsetzer nach einem vorher-
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gehenden Anspruch, der ferner ein modulares dy-
namisches Bremssystem umfalt, das einen Lei-
stungshalbleiter, einen Widerstand und eine Frei-
laufdiode umfaldt, wobei der Leistungshalbleiter
durch die Steuermittel einzeln gesteuert werden
kann, wobei die Anordnung derart ist, daf} im Ge-
brauch dann, wenn die Spannung Uber der H-Brik-
ke einen vorgegebenen Wert Ubersteigt, der Lei-
stungshalbleiter durch die Steuermittel aktiviert
wird, damit der Widerstand die Uberschissige
Spannung abflihren kann, bis die Spannung unter
den vorgegebenen Pegel fallt.

Statischer Leistungsumsetzer nach einem vorher-
gehenden Anspruch, der ferner einen oder mehrere
jeweilige Leistungshalbleiter umfalit, die zwischen
die jeweilige isolierte Gleichspannungsquelle und
die H-Briicke geschaltet sind, wobei die Anordnung
derart ist, da® der jeweilige Leistungshalbleiter im
Gebrauch die Verbindungsglied-Brummspannung
in einem Ausgangssignal des statischen Leistungs-
umsetzers dampft.

Mehrfachschaltkreis-Motorsystem, das einen stati-
schen Leistungsumsetzer nach einem vorherge-
henden Anspruch und einen Mehrfachschaltkreis-
Motor umfalit, wobei der statische Leistungsumset-
zer im Gebrauch ein Mehrfachschaltkreis-Aus-
gangssignal fiir den Mehrfachschaltkreis-Motor be-
reitstellt, wobei der Mehrfachschaltkreis-Motor
Wicklungen umfalit, die in Reihe, parallel oder in
einer offenen Konfiguration entsprechend der ge-
forderten Mehrfachmotor-Drehzahl sowie den
Spannungs- und Leistungsanforderungen geschal-
tet werden kénnen.

Mehrfachschaltkreis-Motorsystem nach Anspruch
21, wobei der Mehrfachschaltkreis-Motor getrennte
Spulen umfalt, die durch den statischen Leistungs-
umsetzer angesteuert werden kénnen, wobei die
getrennten Spulen in getrennten Schlitzen des
Mehrfachschaltkreis-Motors untergebracht sind.

Mehrfachschaltkreis-Motorsystem nach Anspruch
21, wobei der Mehrfachschaltkreis-Motor getrennte
Spulen umfalt, die durch den statischen Leistungs-
umsetzer angesteuert werden kénnen, wobei ge-
trennte Spulen in einem einzigen Schlitz des Mehr-
fachschaltkreis-Motors untergebracht sind.

Mehrfachschaltkreis-Motorsystem nach Anspruch
21,22, oder 23, wobei der Mehrfachschaltkreis-Mo-
tor mehrere Motorschaltkreise umfallt, die so um-
konfiguriert werden kénnen, dal ein Betrieb des
Mehrfachschaltkreis-Motors mit verschiedenen
Drehzahlen méglich ist, wobei jede Drehzahlim we-
sentlichen mit der gleichen Spannung wie die an-
deren Drehzahlen erreicht werden kann.
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25. Mehrfachschaltkreis-Motor nach Anspruch 21, 22

oder 23, der mehrere Motorschaltkreise umfal}t, die
so umkonfiguriert werden kénnen, dal® ein Betrieb
des Mehrfachschaltkreis-Motors mit unterschiedli-
chen Spannungen mdglich ist, wobei jede Span-
nung im wesentlichen die gleiche Drehzahl des
Mehrfachschaltkreis-Motors erzeugt.

Revendications

Convertisseur de puissance statique comprenant
un ou une pluralité de circuits (32) comprenant cha-
cun une pluralité de dispositifs de commande de
phase a niveaux multiples, comprenant chacun au
moins deux niveaux, chacun des niveaux compre-
nant un pont en H, chaque pont en H comprenant
deux paires de semi-conducteurs de puissance
(20 ; 22 ; 26), chacune desdites paires étant con-
nectée en série entre un rail positif (14) et un rail
négatif (16) pour une source de tension continue
isolée respective, un noeud de point milieu (24, 30)
d'une desdites paires étant connecté a un noeud de
point milieu correspondant d'une paire de semi-
conducteurs de puissance du ou d'un ponten H ad-
jacent, I'agencement étant tel, qu'en fonctionne-
ment, une tension de sortie maximum peut étre ob-
tenue qui est sensiblement égale a la somme des
tensions desdites sources de tension continues iso-
Iées respectives, et

des moyens de commande pour commander
chaque semi-conducteur de puissance,

lesdits moyens de commande pouvant étre
commandés ou étant commandés par un algorith-
me pour entrelacer des signaux de porte qui sont
appliqués a chacun desdits ponts en H, dans lequel
algorithme

des formes d'onde de porteuse triangulaires
normales d'une fréquence de commutation souhai-
tée sont établies pour chacun desdits niveaux des-
dits dispositifs de commande de phase a niveaux
multiples, chaque forme d'onde de chaque niveau
est déphasée par rapport auxdites formes d'onde
desdits autres niveaux d'un angle o, = 360°/1, ou |
est le nombre de niveaux dudit dispositif de com-
mande de phase a niveaux multiples, caractérisé
en ce que, pour chaque forme d'onde de porteuse
triangulaire normale, une forme d'onde de porteuse
triangulaire complémentaire est établie, chaque for-
me d'onde complémentaire de chaque niveau étant
déphasée par rapport aux formes d'onde complé-
mentaires desdits autres niveaux d'un angle oy, en
ce que ledit convertisseur de puissance statique
comprend une pluralité de ces circuits (32), et en
ce que des formes d'onde de porteuse triangulaires
normale et complémentaire de ladite fréquence de
commutation souhaitée sont établies pour chaque
niveau de chacun de ladite pluralité de circuits, les-
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quelles formes d'onde respectives du méme niveau
de chaque circuit sont déphasées les unes par rap-
port aux autres d'un angle oy = oy,/2k, ou k est le
nombre de ladite pluralité de circuits.

Convertisseur de puissance statique comprenant
un ou une pluralité de circuits (32) comprenant cha-
cun une pluralité de dispositifs de commande de
phase a niveaux multiples, comprenant chacun au
moins deux niveaux, chacun des niveaux compre-
nant un pont en H, chaque pont en H comprenant
deux paires de semi-conducteurs de puissance
(20; 22; 26 ; 28), chacune desdites paires étant
connectée en série entre un rail positif (14) et un
rail négatif (16) pour une source de tension continue
isolée respective, un noeud de point milieu (24, 30)
d'une desdites paires étant connecté a un noeud de
point milieu correspondant d'une paire de semi-
conducteurs de puissance du ou d'un ponten H ad-
jacent, l'agencement étant tel, qu'en fonctionne-
ment, une tension de sortie maximum peut étre ob-
tenue qui est sensiblement égale a la somme des
tensions desdites sources de tension continues iso-
lées respectives, et

des moyens de commande pour commander
chaque semi-conducteur de puissance,

lesdits moyens de commande pouvant étre
commandés ou étant commandés par un algorith-
me pour entrelacer des signaux de porte qui sont
appliqués a chacun desdits ponts en H, caractérisé
en ce que, dans ledit algorithme, des formes d'onde
de porteuse triangulaires normale et complémen-
taire d'une fréquence de commutation souhaitée
sont établies pour chacun desdits niveaux desdits
dispositifs de commande de phase a niveaux mul-
tiples, chaque forme d'onde de chaque niveau est
déphasée par rapport auxdites formes d'onde des-
dits autres niveaux d'un angle oy, = 360°/2I, ou | est
le nombre de niveaux dudit dispositif de commande
de phase a niveaux multiples, en ce que ledit con-
vertisseur de puissance statique comprend une plu-
ralité de ces circuits (32), et en ce que des formes
d'onde de porteuse triangulaires normale et com-
plémentaire de ladite fréquence de commutation
souhaitée sont établies pour chaque niveau de cha-
cun de ladite pluralité de circuits, lesquelles formes
d'onde respectives du méme niveau de chaque cir-
cuit sont déphasées les unes par rapport aux autres
d'un angle o, = oy,/K, ol k est le nombre de ladite
pluralité de circuits.

Convertisseur de puissance statique selon la re-
vendication 1 ou 2, dans lequel chacun desdits au
moins deux ponts en H comprend, en outre, un filtre
associé a chaque pont en H afin d'aider a garantir
que la sortie dudit pont en H est modulaire.

Convertisseur de puissance statique selon la re-
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vendication 1, 2 ou 3, dans lequel lesdits moyens
de commande peuvent additionner les tensions
desdites sources de tension continues isolées res-
pectives dans chaque dispositif de commande de
phase a niveaux multiples, I'agencement étant tel,
qu'en fonctionnement, lesdits moyens de comman-
de peuvent moduler un signal de référence d'entrée
commun afin d'atténuer une tension d'ondulation
continue dans une sortie de chaque dispositif de
commande de phase a niveaux multiples.

Convertisseur de puissance statique selon I'une
quelconque des revendications 1 a 4, comprenant
en outre une source de puissance unique, une
liaison continue centrale alimentée par ladite sour-
ce de puissance unique et au moins deux étages
d'isolement haute fréquence définissant des sour-
ces de tension continues isolées respectives, con-
nectées chacune, respectivement, a l'un desdits au
moins deux ponts en H.

Convertisseur de puissance statique selon I'une
quelconque des revendications précédentes, dans
lequel lesdits moyens de commande servent a ap-
pliquer des formes d'onde de porteuse triangulaires
normale et complémentaire a chacun desdits ponts
en H, et comprenant en outre des moyens pour pro-
duire une commutation aléatoire desdites formes
d'onde de porteuse triangulaires normale et com-
plémentaire, I'agencement étant tel, qu'en fonction-
nement, le rapport signal sur bruit d'une tension de
sortie provenant dudit pont en H est réduit.

Convertisseur de puissance statique selon la re-
vendication 6, dans lequel la commutation aléatoire
est générée par un algorithme de commutation par
modulation de durée d'impulsion aléatoire.

Convertisseur de puissance statique selon la re-
vendication 6, dans lequel la commutation aléatoire
est générée par un algorithme de commutation par
modulation de densité d'impulsion aléatoire.

Convertisseur de puissance statique selon l'une
quelconque des revendications précédentes, dans
lequel ladite pluralité de dispositifs de commande
de phase a niveaux multiples sont interconnectés
selon une configuration en étoile.

Convertisseur de puissance statique selon l'une
quelconque des revendications 1 a 8, dans lequel
ladite pluralité de dispositifs de commande de pha-
se a niveaux multiples sont interconnectés selon
une configuration maillée.

Convertisseur de puissance statique selon I'une
quelconque des revendications 1 a 8, dans lequel
ladite pluralité de dispositifs de commande de pha-
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se a niveaux multiples sont configurés sans neutre
central.

Convertisseur de puissance statique selon I'une
quelconque des revendications précédentes, dans
lequel lesdits moyens de commande comprennent
des moyens pour couper des circuits sélectionnés
de ladite pluralité de circuits par incréments de 1/k,
ou k est le nombre de ladite pluralité de circuits.

Convertisseur de puissance statique selon I'une
quelconque des revendications précédentes, dans
lequel lesdits moyens de commande comprennent
des moyens pour passer a travers des niveaux sé-
lectionnés desdits dispositifs de commande de pha-
se a niveaux multiples, lI'agencement étant tel,
qu'en fonctionnement, ledit convertisseur de puis-
sance statique peut réduire la puissance délivrée
par incréments de 1/1, ou | est le nombre de niveaux
de chaque dispositif de commande de phase a ni-
veaux multiples.

Convertisseur de puissance statique selon I'une
quelconque des revendications précédentes, dans
lequel lesdits moyens de commande comprennent
des moyens pour couper des phases sélectionnées
de ladite pluralité de circuits, 'agencement étant tel,
qu'en fonctionnement, ledit convertisseur de puis-
sance statique peut réduire la puissance délivrée
par incréments de 1/p, ou p est le nombre de pha-
ses de chacun de ladite pluralité de circuits.

Convertisseur de puissance statique qui peut four-
nir une puissance qui peut étre augmentée ou dimi-
nuée par incréments selon une combinaison de
n'importe lesquelles des revendications 12, 13 et
14.

Convertisseur de puissance statique selon I'une
quelconque des revendications précédentes, com-
prenant en outre une machine électromagnétique
avec des enroulements isolés, chaque enroulement
étant connecté audit pont en H, 'agencement étant
tel, qu'en fonctionnement, ladite machine électro-
magnétique définit une alimentation isolée, respec-
tivement, vers chacun desdits ponts en H.

Convertisseur de puissance statique selon I'une
quelconque des revendications précédentes, dans
lequel lesdits moyens de commande comprennent
un signal de référence d'entrée commun vers cha-
que pont en H et des moyens pour moduler de ma-
niére indépendante ledit signal de référence d'en-
trée commun, l'agencement étant tel, qu'en fonc-
tionnement, ladite modulation atténue la tension
d'ondulation continue efficace dans une sortie dudit
convertisseur de puissance statique.
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Convertisseur de puissance statique selon I'une
quelconque des revendications précédentes, dans
lequel lesdits moyens de commande comprennent
un signal de référence d'entrée commun vers cha-
que pont en H et des moyens pour moduler de ma-
niere indépendante ledit signal de référence d'en-
trée commun, I'agencement étant tel, qu'en fonc-
tionnement, ladite modulation atténue toute varia-
tion de tension harmonique dans une sortie dudit
convertisseur de puissance statique.

Convertisseur de puissance statique selon I'une
quelconque des revendications précédentes, com-
prenant en outre un systéme de freinage dynami-
que modulaire comprenant un semi-conducteur de
puissance, une résistance et une diode de roue li-
bre, dans lequel ledit semi-conducteur de puissan-
ce peut étre commandé individuellement par lesdits
moyens de commande, l'agencement étant tel,
qu'en fonctionnement, si la tension aux bornes dudit
pont en H dépasse une valeur prédéterminée, ledit
semi-conducteur de puissance est activé par lesdits
moyens de commande afin de permettre une dissi-
pation de la tension en excés par ladite résistance
jusqu'a ce que ladite tension chute au-dessous du-
dit niveau prédéterminé.

Convertisseur de puissance statique selon I'une
quelconque des revendications précédentes, com-
prenant en outre un ou plusieurs semi-conducteurs
de puissance respectifs connectés entre ladite
source de tension continue isolée respective et ledit
pont en H, l'agencement étant tel, qu'en fonction-
nement, ledit semi-conducteur de puissance res-
pectif atténue une tension d'ondulation de liaison
dans une sortie dudit convertisseur de puissance
statique.

Systéme de moteur a circuits multiples comprenant
un convertisseur de puissance statique selon 'une
quelconque des revendications précédentes et un
moteur a circuits multiples, lequel convertisseur de
puissance statique, en fonctionnement, fournit une
sortie de circuits multiples audit moteur a circuits
multiples, dans lequel ledit moteur a circuits multi-
ples comprend des enroulements qui peuvent étre
connectés selon une configuration série, paralléle
ou ouverte conformément aux spécifications de vi-
tesse, de tension et de puissance requises du mo-
teur a circuits multiples.

Systéme de moteur a circuits multiples selon la re-
vendication 21, dans lequel ledit moteur a circuits
multiples comprend des bobines distinctes qui peu-
vent étre commandées par ledit convertisseur de
puissance statique, lesquelles bobines distinctes
sont logées dans des fentes distinctes du moteur a
circuits multiples.
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Systéme de moteur a circuits multiples selon la re-
vendication 21, dans lequel ledit moteur a circuits
multiples comprend des bobines distinctes qui peu-
vent étre commandées par ledit convertisseur de
puissance statique, lesquelles bobines distinctes
sontlogées dans une fente de moteur a circuits mul-
tiples.

Systéme de moteur a circuits multiples selon la re-
vendication 21, 22 ou 23, dans lequel ledit moteur
a circuits multiples comprend des circuits de moteur
multiples qui peuvent étre reconfigurés afin de per-
mettre un fonctionnement dudit moteur a circuits
multiples a plusieurs vitesses, chaque vitesse étant
obtenue sensiblement a la méme tension que les-
dites autres vitesses.

Moteur a circuits multiples selon la revendication
21, 22 ou 23, dans lequel ledit moteur a circuits mul-
tiples comprend des circuits de moteur multiples qui
peuvent étre reconfigurés afin de permettre un
fonctionnement dudit moteur a circuits multiples a
plusieurs tensions, chaque tension générant sensi-
blement la méme vitesse de moteur a circuits mul-
tiples.
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